ABSTRACT: We examined the effect of natural variations in the concentration and size composition of plankton in coastal waters on the growth and survival of recently hatched larval capelin Mallotus villosus. Known numbers of larvae were stocked into 4 m3 j n sjtu enclosures, containing plankton communities whose size composihon and total particle concentration mirrored those occurnng naturally dunng times when the nearshore waters were alternately dominated by deep upwelled waters, and by warmer surface waters. Daily growth of larvae was unrelated to total plankton concentrahon, but strongly correlated with the concentrahon of plankton in the 40 to 51 pm (esd) size range. Daily mortality was negatively correlated with concentrations of plankton <81 pm (esd). This correlation was strongest with prey in the 32 to 40 pm and 40 to 51 pm (esd) size classes. The in situ concentration of plankton in the optimum size range for growth and survival was temporally dynamic and strongly influenced by wind-driven water mass exchange. The relevance of these findings to previous studies of the effect of prey concentration on growth and survival in larval fishes is discussed.
INTRODUCTION
Food quality and quantity are widely hypothesized to be the primary determinants of the growth and survival of marine fish larvae. General support for this viewpoint has been derived from both laboratory (Lasker et al. 1970 , Parsons & LeBrasseur 1970 , Wyatt 1972 , Houde 1975 , Werner & Blaxter 1981 and field studies (Corlett 1958 , Sysoevea & Degtereva 1965 , Steele et al. 1969 , Lasker 1975 , Dekhnik & Sinyvkova 1976 , Lasker & Zweifel 1978 . Food conditions at the onset of exogenous feeding are hypothesized to be especially important. This has frequently been demonstrated in the laboratory, but field verification has been difficult to achieve (see reviews in May 1974 , Leggett 1986 ). The links between in situ food quantity and quality and survival remain obscure.
Most first-feeding fish larvae consume microzooplankton in the 30 to 200 pm size range (Arthur 1977 , Theilacker & Dorsey 1980 , Hunter 1981 . This group generally includes ( l ) protozoans in the families Foraminifera, Radiolaria, Tintinnidae and Ciliata other O Inter-ResearchIPrinted in F. R. Germany than tintinnids, and (2) metazoans such as the naupliar and post-naupliar stages of Copepoda, Heteropoda and Pteropoda (Beers & Stewart 1967) . Quantitative sampling of microzooplankton requires mesh sizes of plankton nets much smaller than those commonly used in studies involving larval fishes.
The food resource available to first-feeding larvae is believed to depend on the combined influence of the size distribution of the plankton community of which the larvae are a part, its nutritional value, and its concentration. These characteristics of the food base can vary over short distances (0.1 to 10 m; see Owen 1981) and brief time scales (approximately 6 h; Frank & Leggett 1982b , Fortier & Leggett 1984 , Govoni et al. 1985 , Courtois & Dodson 1986 ) in response to local hydrographic conditions. The importance of such microscale heterogeneity in prey availability to larval survival has not been well studied, but early indications are that it may be significant (Fortier & Leggett 1984 , Taggart 1986 ). The combined effect of sampling with coarse mesh nets and the significant small scale variability in the distribution of microzoo-plankton could be a major reason for the absence of a clear definition of the in situ relations between food availability, growth and survival.
The potential importance of physical oceanographic features that produce broadscale changes in prey availability is somewhat more obvious. Seasonal and spatial differences in water mass characteristics (e.g. temperature) have been shown to influence zooplankton particle size spectra (Deevey 1960 , Beers & Stewart 1967 , Arthur 1977 , Ware 1977 , Tremblay & Roff 1983 . Such changes, when coupled with advective processes, may result in asynchronous distributions of larvae and their principle prey (Nelson et al. 1977 , Lasker 1978 , Bailey 1981 . Persistent turbulence may also influence zooplankton species composition and food chain length (Greve & Parsons 1977 , Landry 1977 ) and turbulent events (e.g. storms) may dilute aggregations of microzooplankton (Lasker 1978 , Lough 1984 , Tilseth & Ellertsen 1984 . These dynamic interactions have been hypothesized to significantly influence larval survival and recruitment, but direct evidence of thls effect is wanting.
Research on inshore, eastern Newfoundland waters indicates the existence of dramatic, rapid, and repeated transitions from plankton communities characteristic of coastal waters to those characteristic of deeper waters in response to changes in wind conditions (Frank & Leggett 1982b , Taggart 1986 ). Winddriven water mass replacements in these coastal embayments occurs synchronously over approximately 700 km of coastline at a mean frequency of 3.5 d (range: 1 to 13 d; Frank & Leggett 1982a , Frank & Leggett 1985 . Offshore (SW) winds, the predominant summer wind condition for the region, result in upwelling of the deep, cold, oceanic water mass surrounding Newfoundland. During onshore (NE) winds, the warmer surface waters are advected into the nearshore. These surface waters are characterized by high concentrations of small plankton, relative to the deep upwelling waters. Larval fish, particularly capelin Mallotus villosus, abound in this nearshore region. Capelin larvae originate from adhesive eggs positioned intertidally on beaches at the heads of coastal embayments. The larvae actively emerge in synchrony from their spawning beaches in distinct pulses during infrequent onshore winds (Frank & Leggett 1981 , 1983b . Because larvae accumulate in the sediments during the intervals between infrequent onshore winds the densities of newly emergent capelin larvae in the water column often reach or exceed 1000 m-3 (Frank & Leggett 1981 , Taggart 1986 ). The numbers of newly hatched larvae of other demersal spawners, notably winter flounder Pseudopleuronectes amencanus, radiated shanny Ulvaria subbifurcata and sea snails Liparis spp., also increased dramatically during the occurrence of food-rich surface waters in the nearshore during onshore winds. These changes, too, appear to result from active responses to water mass exchange (Frank & Leggett 1983a) . The timing of these larval emergences, relative to changes in the microzooplankton community induced by hydrographic conditions, has been hypothesized to be a significant regulator of survival in these species (Frank & Leggett 1983a) . In this paper we examine the extent to which hydrographic conditions, as moderated by meteorological events, influence the abundance and size structure of the plankton community in the nearshore waters of eastern Newfoundland, and the effects of these changes in the plankton community on the in situ growth and survival of capelin larvae.
MATERIALS A N D METHODS
The study was conducted during the summer of 1981 at Bryant's Cove (47"40.5'N, 53°11.0'W), a major spawning site for capelin in Conception Bay, Newfoundland. Further details of the study site are provided in Frank & Leggett (1981 , 1982b .
In situ feeding experiments, designed to address the relation between food quantity and quality and larval growth, were conducted in enclosures. The enclosures consisted of l m diameter X 5 m long cylindrical plankton nets (mesh size < 5 pm) supported vertically in the water column from wooden floats. Four steel hoops spaced at l m intervals along the nets provided support against collapse. The bottom meter of the net was tapered and a PVC cod end was attached. The wooden box frame float, through which the net was suspended, maintained the mouth of the net at least 50 cm above the water surface. The enclosures were moored in the nearshore waters of Bryant's Cove (depth = 7 m) adjacent to the capelin spawning beach.
Six enclosures were used for Experiment I (11 to 22 July). Three enclosures were used during Experiment I1 (22 to 31 July). Immediately prior to the start of each experiment, the enclosures were installed on their floats and filled with filtered (10 ,urn) seawater. Each enclosure was stocked with 1000 capelin larvae collected directly from the spawning beach. At least 50 larvae collected at the same time as those used for stocking were measured to determine the size and physical condition of larvae stocked into the enclosures. Handling mortality of capelin larvae used for stocking the enclosures averages less than 2 O/ O l d after collection from the spawning beach (DeLaFontaine, McGill University, unpubl. data). Plankton food was added to randomly assigned enclosures in varying concentrations. Food levels were established by towing a 13 cm diameter, 10 ,pm mesh bongo net at low speeds over one of 3 measured distances (50 m, 200 m, 400 m) in the cove The contents of each net was washed thoroughly through a 355 pm sieve and the retaned (B355 um) size frachon was discarded to preclude stoclung of potential predators into the enclosures The <355 pm size frachon from one of the paired bongo samples was preserved immediately for subsequent determination of the quanhty and size distnbubon of food added to each enclosure The second was added to the assigned enclosure Food additions were made at the inlhahon of the expenment, and at 3 d intervals thereafter Each enclosure was treated w t h plankton food collected from one of the 3 tow distances as shown in Food collections were made during both onshore and offshore wind conditions. This pattern of enclosure stocking resulted in significant differences in total plankton concentrations between enclosures, and in plankton size composition between experiments. Because of the different number of enclosures available for use between experiments we consistently maintained 8 tows per sampling interval to describe the temporal dynamics of microzooplankton in the cove.
We used a PAR model 36975 self-priming diaphram pump daily to collect dead capelin larvae lost from the water column by sedimentation, from the enclosure cod ends. Field tests showed that capelin larvae settled out of the water column 2 to 3 h after dylng, recovery rates of larvae generally exceeded 95 O/ O of the initial number of stocked larvae after 3.5 d, and dead larvae remained intact and in good condition for several days after death at the temperatures experienced during our experiments (DeLaFontaine, McGill University, unpubl. data). Growth rate estimates of capelin larvae in the enclosures were based on total length measurements of larvae collected with a 13 cm diameter net (153 pm mesh) hauled vertically from the bottom to the surface of each enclosure. A model TA11 Coulter Counter was used to size and enumerate the plankton from the preserved half of the paired bongo tow. We counted 12 particle size classes (equivalent spherical diameter, esd: 25 to 32, 32 to 40, 40 to 51, 51 to 64, 64 to 81, 81 to 102, 102 to 128, 128 to 161, 161 to 203, 203 to 256, 256 to 323, 323 to 406 pm),
RESULTS

Hydrographic conditions
The summer water temperatures in Bryant's Cove exhibit temporal oscillations linked to wind-driven water mass replacement (Frank & Leggett 1982b) . During the period of this study the correlation between the daily mean water temperature and the prevailing wind conditions (defined as sin-'[h of onshore wind d-l 24-1 0 5 ] ) was r = 0.72 (P < 0.05) indicating that coastal water mass exchange (Frank & Leggett 1982b , Taggart 1986 ) occurred during this period.
Plankton size structure Two time-independent particle-size spectra were evident in the nearshore waters of Bryant's Cove. One type, which prevailed only during onshore wind conditions, was strongly skewed towards the lower end of the size spectrum with a pronounced peak at the 40 to 51 pm (esd) size interval. This peak contained, on average, 20 % of all the particles sampled between 25 and 323 pm (esd) in the surface waters (Fig. 1) . The second type of size spectrum was broadly bell shaped, persisted only during offshore wind condtions, and peaked at the 81 to 102 pm (esd) size interval. The relative proportion of particles in this interval averaged 15 % (Fig. 1) . A comparison of all size intervals between the 2 spectra revealed significant differences (P < 0.01) in the relative proportion of particles in 9 of the 12 size intervals.
Plankton concentrations
The total particle concentration in 72 plankton collections taken from the Cove varied from 22 to 945 particles 1-'. The range of the mean particle concentration over 9 sanlpling dates was 55 to 489 particles l-'. Particle concentration was lower, and less variable, in collections made during offshore wind conditions (mean = 142 1-l, CV = 15 %) as compared to those taken during onshore winds (mean = 209 1 -l , CV = 82 %). Fifty % of the variation in total parhcle concentration in the cove was explained by the prevaihng wind conditions. The equation describing this relation was:
where W = arcsin(h of onshore wind d-' 24-')0.5; Y = total particle concentration in no. I-'. Maximum particle concentrations were coincident with persistent onshore wind conditions (> 18 h d-') which resulted in urface waters. correlated with W. Conversely, a l l of the particle size The concentration of particles in the various size intervals >81 pm were negatively associated with W ntervals over the 9 sampling dates is depicted in (Fig. 3) . Thus, a major pofion of the variabhty in the ig. 2. In samples collected during each of the 4 offparticle size spectrum of the nearshore plankton comhore wind conditions sampled, the concentration of munity was explained by wind-induced advection of articles in each size interval was essentially identical. discrete water masses into the cove. uring onshore wind conditions, the quantity of p a f iles 1-' in the 40 to 51 pm size interval varied by as uch as a n order of magnitude (Fig. 2) . The high Conditions experienced by larvae in the enclosures oncentration of small particles (<81 pm) relative to arger particles (>81 km) was a strilung feature of The fundamental differences in prey particle size ollections made during onshore winds, the ratio of the and abundance occurnng in Bryant's Cove, and size categories (smal1:large) averaging approxlthroughout coastal Newfoundland (Leggett et al. ately 7 : 1. During offshore wind condihons (upwel-1984) , in response to wind-forced water mass ing) this ratio was only slightly > 1 : 1. A correlabon exchange, were recreated in our enclosures by stocknalysis showed the number of particles 1-' in all size ing with plankton collected during onshore and offlasses t 8 1 pm (esd) to be significantly and positively shore winds. During Experiment I (12 to 20 July), 3 of 4 orrelated with one another and each was significantly plankton collections/additions were made during nd negatively correlated with the no. 1-' in each size onshore wind conditions. During Experiment I1 (22 to lass > 81 vm (p < 0.05).
30 July) aLl (3) plankton collections/additions were made during offshore wind conditions (Fig. 1) . As a result of these manipulations, larvae reared during Physical regulation of prey size spectra Experiment I were exposed to a smaller overall preyand abundance size spectra (peak at approximately 40 to 50 pm) than those reared during Experiment I1 (Fig. 1) . The total The pattern of particle size variation, both in terms of prey concentration experienced by the larvae and the elative and absolute levels of abundance, was deterconcentration of prey in the <81 pm size class were ined largely by the prevailing wind condition (range also greatest during Experiment I ( Table 2 ). f r2: 44 to 89 % ; Fig. 3 ). Abundance and percent of Differences in tow lengths during plankton collec- tions produced significant differences in the total abundance of prey in each enclosure but not by a factor equivalent to the difference in the volume of water filtered between the 3 towing distances ( During Experiment I1 densities ranged from 79 to 83 particles 1-' ( Table 2 ). The range of total prey abundances in each enclosure (Table 2) were approximately equal to the abundance of particles <355 pm occurring in situ (see Fig. 2 where the range of the mean particle concentration over 9 sampling dates was 55 to 489 particles I-'). Recent experiments have shown that temperature and salinity changes in situ are accurately reflected inside enclosures of the design we employed with a time lag of less than 3 h, whereas the biological characteristics within an enclosure remained unchanged and isolated from the surrounding waters (DeLaFontaine, McGill University, unpubl. data). These experiments also showed that the die1 patterns of vertical distribution of capelin larvae and of plankton in such enclosures mirror those occumng in situ. Average water temperatures during Experiments I and I1 were very similar (Exp. I, 5.7"C, SD 2.09; Exp. 11, 6.4 "C, SD 1.06).
Larval growth
We estimated growth rate as the difference between the average size of larvae at the initiation and tennination of each experiment, divided by the elapsed time. (Table 2) . These growth differences were not systematically related to differences in the total quantity of food available to the larvae (r = 0.29, P>0.05). Growth rates were, however, significantly and positively related to the concentration of food in the 40 to 51 pm (esd) size interval (r = 0.72, P < 0.05; Fig. 4A ). Growth rate was also positively, but non-significantly, related to the concentration of prey in the 25 to 32, 32 to 40,51 to 64 and 64 to 81 +m (esd) size classes. A plot of the correlation coefficient 'r' vs food size class revealed a dome shaped function (Fig.4B) , suggesting a n optimum prey size at 40 to 51 pm (esd). At food sizes >81 pm (esd) all correlations were negative. Correlation coefficients derived from all possible combinations of particle size groups <81 pnl and growth rate were positive, but non-significant.
Larval mortality rates
The daily mortality rates of larval capelin, estimated from the daily sampling of dead larvae from the enclosure cod ends, were significantly lower during Experiment1 (mean = 2.3 O/ O d-l, 95 % confidence interval: 1.6 to 3.0) relative to Experiment I1 (mean = 7.4 % d-l, 95 % confidence interval: 4.8 to 9.9). Daily mortality, averaged over the duration of the experimental period, was significantly negatively correlated with the concentration of prey parbcles in each of the prey size classes 25 to 32, 32 to 40, 40 to 51 and 51 to 60 pm (esd). The relation between daily mortality and prey concentration in the 40 to 51 pm (esd) size class is shown in Fig. 5A . The plot of 'r' vs daily mortality revealed a concave function with the strength of the negative correlation between daily mortality and prey size being greatest at the 32 to 40 and 40 to 51 pm (esd) size classes (Fig. 5B) . For all size classes >64 to 81 pm the correlation was positive. This latter result derives primarily from the negative correlahon between particles 1-' in size classes <81 pm and those >81 pm (esd). limited and largely circumstantial (Leggett 1986) . Several studies have yielded data which tend to discount the importance of food abundance as a determinant of early larval survival and recruitment in marine fishes. However, without exception, these studies have considered only total food biomass, without reference to size spectrum (O'Boyle et al. 1984 , Sinclair & Iles 1985 .
The results of the experiments reported here indicate that the size structure of the planktonic community to which larval fish are exposed can dramatically influence both their growth and survival, and that this influence can override the importance of total plankton abundance at intermediate food levels. This conclusion is supported by the results of both the growth and the survival analyses.
Growth
The range of absolute densities of plankton to which larvae were exposed in Experiments I and I1 were similar (69 to 118 and 79 to 83 1-' respectively). The DISCUSSION minimum total prey concentrations were approximately 10 to 50 times higher than estimates of the To date, knowledge of the importance of the abunminimum levels required to support growth and surdance and size dstnbution of planktonic prey to the in vival of the larvae of several species of marine fishes in situ growth and suMval of larval fishes has been both a variety of experimental enclosures (1 to 10 parti- cles I-'; Leggett 1986) . Growth rates of larvae in both experiments exhibited no systematic relation with the total quantity of plankton to which they were exposed (r = 0.29, P > 0.05). However, both the average growth rate and the range of growth rates of larvae reared in Experiment I were higher than those of larvae reared in Experiment 11. These differences were both significant and substantial, and were directly related to differences in the quantity of plankton <81 km and specifically to the concentration of prey in the 40 to 51 pm size range (r = 0.72, P < 0.05). In Experiment I, the absolute and relative abundance of plankton in the optimal 40 to 51 pm size range was significantly greater than that prevailing during Expenment I1 (Table 2) . Within either Experiment I or I1 only a weak correlation (P > 0.05) was observed between prey density and growth rate of capelin larvae. In Experiment I thls may have been due, in part, to the non-limiting levels of prey density among enclosures. Both experiments had low recovery rates of larvae (n 5 20), presumably due to the avoidance of the collecting net by capelin larvae. This resulted in growth rate estimates that probably should be considered as a first approximation. The potential prey size of first-feeding capelin larvae, calculated from mouth width measurements (Taggart 1986 ) and diet analyses of other species showing that the average width of prey ranges between 13 and 38 O/O of the mouth width (reviewed by Theilacker & Dorsey 1980), was between 29 and 86 p m This result strengthens our suggestion that the 40 to 51 um esd interval may be an optimum size range of prey for capelin larvae. The few studies that have reported on the diet composition of first-feeding capelin larvae show the frequent occurrence of unidentified flagellates 40 to 50 pm (width) in the guts of larvae reared in concrete basins in Norway (Moksness 1982) and the diatom Coscinodiscus sp. and the ciliate Tin- 1986 ). In our nearshore collections during summer in Bryant's Cove the most abundant planktonic forms were tintinnids, diatoms, and copepod eggs and nauph. Quantitative plankton studies conducted in a nearby embayment in Conception Bay during summer revealed the presence of large quantities of tintinnids (>l00 1-l) confined to the surface water mass (Davis 1982) . The size structure of the plankton complex to which the larvae were exposed during Experiment I was typical of the plankton community that dominates the nearshore area of Newfoundland during onshore winds. This is the community with which the larvae of capelin become associated by virtue of synchronous, active emergence from the beach nursery sites in response to temperature or other signals inhcative of its presence in the nearshore area (Frank & Leggett 1983b ). This selective occupation of the surface water mass, in contrast to a strategy of continuous emergence at hatching which would cause most larvae to become associated with plankton communities having a size structure similar to that recreated in Expenment 11, ylelds an average increase in growth of approximately
The growth rates achieved by larvae in Experiment I (mean 0.23 mm d-', range 0.18 to 0.25), in which the size structure and the range of biomass of the plankton most closely reflected that occurring in surface waters around Newfoundland, were very similar to those reported for larvae in the Gulf of St. Lawrence over a 6 mo period (mean 0.25 mm d-l, range 0.20 to 0.35; Jacquaz et al. 1977) . Here, larvae drift with the seaward-flowing surface water layer and maintain themselves in the upper 20 m of the water column during the first 2 to 4 mo after hatching (Jacquaz et al. 1977 , Fortier & Leggett 1984 .
Further evidence that the growth rates exhibited by larvae in Experiment I closely reflect those experienced by larvae occupying the surface water mass in situ is given by an analysis of the length distributions of larvae collected from the surface waters of the northern Grand Banks from 1 to 20 September 1978 (Poletayev 1979) . In 1978, significant onshore winds occurred 4 times (Fig. 6A) in the period during which larval capelin were hatching and abundant on the capelin spawning beaches of eastern Newfoundland (Frank & Leggett 1981 ; see their Fig. 2 ). This wind pattern would result in the synchronous release of 4 distinct 'cohorts' of capelin larvae over at least 700 km of Newfoundland's east coast on approximately July 2, 14, 22 and August 2. The length frequency distribution of capelin larvae from the northern Grand Banks revealed 4 distinct peaks (Fig. 6B) . Assuming an average larval length at emergence of 5 mm (Frank & Leggett 1982a ) and drift periods of 72, 58, 50 and 39 d for cohorts emerging on July 2, 14, 22 and August 2 respectively, it is possible to calculate the growth rates achieved by members of each cohort based on their mean size on September 10. These rates were 0.25, 0.26, 0.26, and 0.26 mm d-' respectively. The close correspondence between these estimates and the growth rates derived from Experiment I (Table 2) serves to increase our confidence in the reliabhty of the limited data used to calculate growth rates of larval capelin from the enclosures.
Mortality
The differences in daily mortality rates recorded during Experiments I and I1 and the strong relation between mortality rate and the concentration of prey in the <81 pm (esd) size classes also underscores the importance of prey size distribution to survival. As previously noted, the range of total concentrations of plankton was similar between experiments. However, larvae reared in Experiment 11, which were exposed to plankton characteristic of the deep upwelling water mass which dominates the nearshore areas during the prevailing offshore winds, experienced mortality rates which were as much as 3-fold greater than those experienced in Experiment I. The major difference in experimental conditions between experiments was the source of the plankton prey provided. For Experiment I, all but the last prey collection occurred during onshore winds. On these occasions the plankton community of the cove was characterized by having higher concentrations of plankton in the smaller (<80 pm) edible size classes ( Fig. 1 & 2) . Capelin larvae were of similar size (range of average total length: 4.5 to 4.7 mm), possessed full yolk sacs, and were in good physical condition (according to the classification scheme of Frank & Leggett 1982a) at the beginning of each experiment.
The data contained in Fig. 5b suggest that, in situ, the existence of a relation between mortality rate and prey abundance may be determined not by the absolute abundance of plankton, but by its size distribution. The combined data on growth and mortality rates in relation to prey size and abundance suggest that larvae may be significantly food-limited even when total prey concentrations exceed estimates of the critical minimum values by 10 to 50 times, if the particle size composition is inappropriate. These observations may explain, in part, the conflicting information now available on the relation between prey abundance and larval survival in marine fishes.
The maximum daily mortality rates observed in these experiments (ca 10 O/ O dp') were significantly lower than estimates for capelin larvae of similar ages at liberty in the nearshore waters of Bryant's Cove (Taggart 1986 : 55 to 65 % d-l) and in the St. Lawrence estuary (Fortier & Leggett 1985 : 56 % d-'). One of the major differences in the conditions experienced by larvae in our enclosures was the absence of predators. Fortier & Leggett (1985) and Taggart (1986) determined dispersion-corrected mortality rates for individual cohorts of larvae within discrete water masses. Their estimates are not, therefore, subject to the aliasing that has frequently biased predator/prey analyses related to larval fish mortality (Frank & Leggett 1985) . The significant difference between these estimates suggests that predation may be an important regulator of mortality within discrete cohorts of larvae. The very low mortality fish larvae experience in mesocosms given adequate food resources but lacking predators has been previously documented (Laurence et al. 1979 (Laurence et al. , 0iestad 1985 . Isolating the water column by enclosing it from the surrounding waters may also reduce vemcal mixing (Steele et al. 1977 ) and serve to improve the foraging success of larvae.
On a broader time scale, the basis for the evolution of larval behaviour which results in the selective occupation of particular water masses (Frank & Leggett 1983a, b) , current regimes (Arthur 1977 , Fortier & Leggett 1983 and retention zones (Jacquaz et al. 1977 , Sinclair & Iles 1985 is clarified to some degree by the results of these experiments. Our data suggest that if larvae are to survive in large numbers they must become associated with waters not only rich in plankton, but rich in plankton of the appropriate size. This reality has been obvious and widely accepted for some time (see Ware 1977) . However, the magnitude and form of the mortality function experienced by larvae who failed to do so, and the nature of the interacting effects of food abundance and size composition on that function, has not previously been defined. The significant dependence of larval growth and sunrival on the size distribution of the plankton also has interesting implications for year-to-year variability in overall larval survival and recruitment. Inter-annual variability in the temperature/salinity characteristics of local water masses could result in significant changes in the particle size spectra of plankton communities to which the larvae are exposed. Both Deevey (1960) and Ware (1977) have documented inverse relations between water temperature and the mean size of marine zooplankton. Our data on changes in plankton community size spectra, in concert with changes in the origin of nearshore water masses, are consistent with these findings. In this connection, it is noteworthy that inter-annual variability in the year-class strength of NAFO Division 2J3K capelin is positively correlated with water temperatures (r2 = 0.43) in the 0 to 20 m depth interval during the July to December period of larval drift, and that the July to August temperatures are most important in establishing this relation . We had speculated that total plankton production was positively correlated with water temperature, thereby promoting the formation of strong year-classes during relatively warm years. An additional effect, suggested by the results of this study, is that cold years cause a shift in the particle size spectrum of microzooplankton in the surface waters occupied by larval capelin towards larger sizes thereby inducing slower growth and poorer survival.
The direct effect of growth on survival remains obscure. Several investigators have suggested that increased growth rates may convey a survival advan- tage by reducing the length of the period during which larvae are most susceptible to predation (see Jones 1973 , Ware 1975 . Conversely, the length of the larval period (time to metamorphosis) may be inversely proportional to growth rate. If so, during years in which conditions favour rapid growth, the duration of the larval period, when mortality rates are maximal, could be significantly shortened thereby leading to an important reduction in total mortality to the larval year-class. This possibihty is now under investigation. 
